Abstract. In this paper, we propose a fast sample adaptive offset (SAO) parameter estimation algorithm based on the block-based edge detection in High Efficiency Video Coding (HEVC) encoder. Instead of the exhaustive search to find the best SAO parameters among all massive combinations, the proposed algorithm decides the best edge offset by analyzing the input block's edge characteristics in advance. From the experimental results, the proposed algorithm achieves 61.21% time-saving with 1.09% BD-rate increase on average, compared to HEVC reference software HM 16.9.
Introduction
Due to the adoption of remarkable new coding tools, High Efficiency Video Coding (HEVC) achieves approximately 50% bitrate reduction while providing the almost equal video quality compared to the previous standard H.264/AVC [1] . One of newly adopted tools in HEVC is the Sample Adaptive Offset (SAO) which not only alleviates undesirable visual artifacts such as ringing artifacts but also provides the coding gains at the next stage of de-blocking filter.
The main idea of the SAO technique is to compensate the distortion between original and reconstructed samples by adding offset values adaptively according to the SAO mode and type. However, in order to find the best SAO parameters (SAO mode, type and offsets) by searching all possible combinations exhaustively, it is heavy computational burden to the encoder. For this reason, several works have been proposed to reduce the computational complexity in SAO parameter estimation [2] [3] [4] . J. Joo [2] proposed the fast SAO parameter estimation algorithm by exploiting the correlation between intra prediction mode and edge offset type. S. E. Gendy [3] proposed the fast estimation method by reutilization of pre-determined SAO parameters in the previous frames. In [4] , the best SAO edge offset is easily decided by using the Sobel edge operation in prior to SAO encoding process so that the computational complexity is successfully reduced with acceptable bitrate degradation. However, the complexity of the last algorithm [4] is still high due to the calculation of Sobel operation at every single pixel and the inaccurate edge derivation in the heavy noise image is another limitation.
In this paper, to solve limitations in the previous works, we propose the fast SAO parameter estimation algorithm based on the block-based edge derivation process. By using the block-based edge derivation process, the proposed successfully reduces the computational time with minimization of coding performance loss compared to the previous work [4] . The rest of this paper is consisted as follow. Section 2 briefly describes the overview of previous fast algorithm based on the pixel edge derivation process. Section 3 proposed a fast SAO parameter estimation algorithm which is based on the block edge derivation. The experimental results are shown in Section 4. Finally, Section 5 concludes the work.
Previous Method
The SAO parameters for one coding tree unit (CTU) consists of three components: SAO mode, SAO type, and four offsets. Especially, SAO type can be categorized into five: four edge offset types (SAO_TYPE_EO_0, _90, _135, and _45) and one band offset type (SAO_TYPE_BO). The best SAO type and its corresponding offsets are decided based on the exhaustive search. Since consecutive samples along the edge direction are more tendency to have same or similar pixel values, the dominant edge direction of pixel is more probable to have same edge offset type even after exhaustive search. Based on the fact, the previous method [4] creates an edge map and edge direction histogram by using Sobel edge operator and saves the encoding time by determining edge offset, which is the histogram cell index with maximum amplitude value, before SAO parameter decision process.
The pixel indices for pixel p4 can be defined and equations to derive the amplitude and edge-orientation information as shown in Fig. 1. In Fig. 1 , dx and dy represent the degree of difference in vertical and horizontal directions respectively. The amplitude can be approximated as sum of absolute value of dx and dy and the edge orientation is derived as the division of dx and dy. Based on the information, the edge direction histogram is calculated by summing up all of amplitudes according to the edge categories in one CTU. Because the edge offset types are categorized into four directions, the edge direction histogram is decided by the following equation (1) . Each edge histogram cell sums up the amplitude of those pixels with similar edge direction in the CTU. 
However, the generation of the edge map (calculation of the amplitude and orientation per a pixel) in one CTU is computationally heavy so that the complexity reduction is not remarkable (the division process in order to derive the pixel's orientation is inevitable). Moreover, the pixel-based edge map derivation leads to the inaccurate estimation if the input image has the heavy noise such as sensor and filmgrained noise.
Proposed Method
In order to overcome the limitations of previous method, we propose the block-based edge derivation scheme for the choice of dominant edge orientation or edge offset type in a CTU. The proposed algorithm divides the input CTU into multiple 4x4 block unit. For each 4x4 block, we calculate five averages (C0, C1, C2, C3, and CC) of 2x2 block unit as shown in Fig. 2 .
Fig. 2. 4x4 block-based edge component derivation.
Because of calculating the average of adjacent pixels, the proposed method is rather robust to noise in the input image. The detailed derivations are follows as Equation (2). (2) After the calculation of all averages is completed, then the error amplitude of each direction (0°, 90°, 135°, and 45°) is derived as in Equation (3). The error amplitude indicates the sum of absolute difference of averages in the same direction. Finally, the edge direction of 4x4 block is derived as Equation (4). In Equation (4), he indicates the histogram value of cumulative error amplitudes of all 4x4 block unit in a CTU and S means the best edge direction in the CTU. If the histogram cell k with minimum error amplitude, then it is the dominant edge direction in the CTU.
(3) (4) As shown in the Equations (2), (3), and (4), the division process in order to calculate the dominant edge direction is not necessary in the proposed algorithm. The edge map derivation is performed not at a pixel level, but at 4x4 block unit level. Those facts lead to the remarkable computational complexity reduction compared to the previous method. Moreover, the average of 2x2 unit positively affects to the derivation accuracy of edge direction because the noise reduction is performed during the average process.
Experimental Results
In the section, we show the experimental results in order to illustrate the benefits of the proposed method compared to the previous one in the aspect of bitrate increase and time-saving. All experiments were conducted as shown in Table 1 [5] . Table 2 summarizes the BD-bitrate and time-saving ratio of the previous and proposed SAO parameter estimation where the anchor is HM16.9. From Table 2 , the previous method saves 5.38% time with 0.95% coding performance degradation compared to the anchor HM16.9, but the proposed method shows 61.21% time-saving with 1.09% for HM common test sequences. Because the previous method calculates the edge map and edge direction histogram for every pixel in a CTU, the derivation of edge orientation is more accurate than the proposed method. However, the computational complexity of the previous method is worse than the proposed one since the proposed one saves the computation time by deriving the edge orientation in 4x4 block unit and avoiding the division process. Table 3 shows the robust SAO parameter estimation performance of the previous and the proposed method for noisy sequences. The pixel unit edge derivation of the previous method is weak to estimate the SAO parameter since the noise disturbs to derive the accurate edge direction. On the other hand, the proposed method shows higher SAO parameter estimation performance in terms of BD-Bitrate and Time-Saving in the noisy sequences [6]. 
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Conclusion
In this paper, we proposed the fast sample adaptive offset parameter estimation algorithm which saves the computation time by calculating the dominant edge direction of the CTU in 4x4 block unit before the SAO encoding process. Since the edge orientation estimation of the proposed algorithm is operated in 4x4 block unit, it is speedier and more robust in the aspect of computational complexity and noise compared to the previous pixel-based edge orientation derivation method. From the experimental results, the proposed algorithm achieves 61.21% time-saving with 1.09% BD-rate increase on average, compared to HEVC reference software HM 16.9
